Functionally important metabolic interactions between ectodermal and mesodermal tissue constituents have been described previously by other investigators.'9'20 The existence of a similar interaction for the maintenance of protein formation in cells with relatively low oxidative metabolism by another cell type with a different metabolic pattern could be of significance as a form of cell interaction occurring during embryonic development. Experiments designed to explore more extensively such a possibility are in progress at this laboratory.
The luminosity curve shows how the sensitivity' of the eye varies for various wave lengths. Sensitivity is measured in terms of the reciprocal of the energy required to produce a given effect-threshold, for example.
In 1952 we published an article on the foveal luminosity curves of five normal subjects.2 The present account is concerned with the spectral sensitivity curves of two groups of color-blind subjects,3 five protanopes and six deuteranopes, as compared with the curves obtained on seven normal subjects. Until the work of Hecht and Hsia4 it was not considered that deuteranopes show a loss of cone sensitivity, as compared with normal subjects, in any part of the spectrum. Hecht and Hsia found, on calculating sensitivities based on the computed energies of their filtered lights, that deuteranopes seem to show a loss of sensitivity in the green region of the spectrum. They emphasized the fact that some earlier results which seemed to show no loss of green sensitivity in deuteranopes could be due to the prevalent practice of plotting per cent values of sensitivity rather than values based on energy.5
The present experiments have been performed to investigate, by improved techniques, the still not universally accepted fact of cone luminosity losses in deuteranopes. We have also obtained threshold luminosity data on a small group of protanopes. Our results show that, as compared with normal subjects, both types of color-blind individuals demonstrate sensitivity losses; five of the six deuteranopes show a deficit of luminosity in the green-to-blue part of the spectrum, and all the protanopes show a loss in the red.
Subjects.-For our measurements we used five protanopes and six deuteranopes.
Our seven normal subjects consisted of the five whose foveal data have been described earlier2 plus two additional ones, a man and a woman, each about twentyfive years of age.
The testing of all subjects involved the reading of the Ishihara and Stilling plates, the determination of the proportion of red and green required to match a yellow on the Hecht-Shlaer anomaloscope,6 and the determination of the neutral point in the spectrum. The tests are all highly discriminative for the three classes of individuals studied-normal, protanopic, and deuteranopic.
The color-blind subjects were all complete dichromats. At the beginning of each session, the subject was dark-adapted for 10 minutes, presumably a sufficient time for the cones to gain full sensitivity. The subject presented each spectral light to himself by releasing a key. Presentations were so arranged that the light stimulations were in accord with the method of limits, three ascending and three descending steries being given for each threshold determination. Three such thresholds, each one on a different day, usually provided the final data for the subject's average threshold at a given wave length. Results on Normal Subjects.- Figure 1 gives the individual log sensitivity curves for our seven normal subjects; the bottom curve presents the averaged data.8 The basic data of these curves are relative energies required for the cones to respond to the spectral lights at the absolute threshold; the logarithms of the reciprocals of these values (i.e., log sensitivity values) are here plotted. The peak of the average curve is arbitrarily set at zero (i.e., maximum sensitivity is set at unity). For purposes of clarity of presentation, each successive curve is moved downward through one logarithmic unit. The absolute energies may be computed by observing that at 578 mj& the average normal threshold (interpolated) is 3.5 X 10-8 erg, or about 10,000 quanta. VOL. 43, 1957 It is probably not necessary to labor the fact of the "humps" in the blue and in the orange, near 450 and 610 mM. Presumably in the normal subject they are manifestations of three (or more) primary processes.
Results for the Protanopes.- Figure 2 gives the luminosity curves for five protanopes. Each curve represents the data for an individual, and the average curve is given at the bottom of the graph.
2.-Log sensitivity curves for five protanopes. The average curve for normal subjects is drawn relative to each protanope's curve, so that log sensitivities are equated at 500 mp&.
Since the thresholds for a given protanope over the spectrum may represent a higher or lower level of sensitivity than that represented by the average curve for normal subjects, it is desirable that each protanope be compared, not with the average normal subject, but rather with a normal subject whose sensitivities are, as it were, equivalent in those regions of the spectrum not affected by the condition of protanopia. On this basis the average curve for normal subjects has been drawn (dotted linees) relative to the curve for each protanope, the curve for normal subjects being so placed on the ordinate axis that the value of the log sensitivity at 500 mu is set equal to the value lying on the curve for each protanope at that wave length.
It is to be observed that the curve for each protanope indicates a greatly increased energy requirement in the red part of the spectrum. The protanope loses luminosity at long wave lengths.
Results for the Deuteranopes.-iFigure 3 gives the results for the deuteranopes. Each single curve is the luminosity function for a single deuteranope. The average curve is presented at the bottom of the graph. The average curve for the normal 400 500 60 0 700
We've/engtb h mw FIG 3.-Log sensitivity curve for six deuteranopes. The average curve for normal subjects is so placed relative to each deuteranope's curve that log sensitivities are set equal at 650 mMu.
subjects (dotted lines) is drawn relative to the curve for each deuteranope in such a way that the log sensitivity at 650 my for the normal curve is set equal to the value at that wave length for the given deuteranopic curve.
As shown by the single curves for the deuteranopes and the associated curves for normal subjects, it would seem that, in general, the deuteranope shows a normal luminosity in the red but a loss in the green and blue. (On an arithmetic plot of sensitivity, the degree of absolute loss would be greatest in the green.) The extent of the loss varies from subject to subject, and in one case (RS) a loss cannot be demonstrated.
The existence of the single deuteranope who, by our standards, does not show a significant loss may raise a question: Does the loss that seems to be usual in deuteranopia, as shown by its existence in five of our six subjects, exhibit a determinative character, or is it a correlated but not causative condition? We reain no position to discuss this matter and will only repeat what we have said previously: luminosity loss seems to be a usual condition in deuteranopia.
Summary of Results for All Groups.- Figure 4 and Table 1 summarize the average data for normal subjects as well as for the protanopes and the deuteranopes. The data as presented in Figure 4 , directly represent average log sensitivity values for all groups; no arbitrary adjustments along the ordinate axis have been made.
In general, one can say that the normal curve is a broad function that encompasses the extremes of the color-blind curves. Protanopes have nearly normal luminosity in the blue but show loss in the red; deuteranopes show normality in the red but, in five out of six cases, a loss in the green and blue. The manner in which the two average functions cross as they take up their regions of normal luminosity provides an interesting picture; the protanope loses luminosity in the spectral region, where the deuteranope shows normal sensitivity. Conversely, the deuteranope loses sensitivity in the region where the protanope is normal. The average curve for protanopes appears to be above the curve for normal subjects in the blue part of the spectrum. This apparent increase in luminosity is almost certainly not real; it depends almost completely on a single subject, JG, whose luminosities in the blue seem relatively high.
Humps in various luminosity curves might be expected to appear more clearly in individual curves than in averaged data. It is nevertheless true that the normal curve of Figure 4 shows a well-marked hump near 450 mjt and probably another in the region near 575 to 600 mis. The latter hump seems to be definitely smoothed out in the curve for the protanopes, and the green peak near 540 mli is diminished for the deuteranopes. The blue hump is, relatively, not conspicuously affected in the latter case.
Discussion.-Through the years since the time of Young,9 it has been supposed that protanopia is due to the loss of what we may call R-receptors, those that are especially sensitive to red. On the other hand, it has not generally been accepted that deuteranopia is due to a loss of G-receptors, those that are especially sensitive to green.
Because the evidence did not seem to support an interpretation of loss for the deuteranope, another sort of account seemed to be required for this type of color defect. The most widely held theory of deuteranopia has entailed the idea of a "transformation" system, as first described by Leber'0 and by Fick." One can think of the transformation system as representing a failure of the R-and G-receptors to 12 It must be understood that the transformation theory is applicable to protanopia as well as to deuteranopia. It has not been applied in the former case because of the fact that most workers seem to have accepted the principle of luminosity loss in protanopia. However, it should be noted that the narrowing of the classically drawn luminosity curve in protanopia could just as well be taken to be due to a "transformation" shift in absorption of the R-receptors toward that of the Greceptors.
The present result and that of Hecht and Hsia4 raise problems for the Leber 
